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 ABSTRACT 
 Milk recording data collected in 2,128 dairy herds in 
England and Wales between 2004 and 2006 were used to 
predict the calving to conception intervals. The average 
cumulative milk production was 8,200 kg. Conception 
(or not) within 5 intervals measured in days (20 to 60 
d, 61 to 81 d, 82 to 102 d, 103 to 123 d, 124 to 144 
d) was modeled as a function of milk yields and milk 
constituents at the start of lactation using multilevel 
discrete-time survival models. Milk yield, weight and 
percentage of fat, protein, and lactose, and somatic 
cell counts on the first 2 test-days of lactation were 
corrected for either stage of lactation alone or stage 
of lactation and time of year. Five hundred and 1,628 
herds, respectively, were used for parameter estimation 
and cross-validation. Covariates were retained in the 
final model if their coefficient was at least twice its 
standard error and their inclusion resulted in a decrease 
in the deviance. Overall, 73% of cows recalved. The 
percentage of cows that had conceived by d 20, 61, 82, 
103, 124, and 145 were 0.5, 7.3, 17.9, 29.3, 38.7, and 
46, respectively. The probability of conception before 
145 d in milk increased with lower milk production on 
the second test-day, higher percentage of protein on the 
second test-day, and higher percentage of lactose on 
the first test-day. Positive associations were of a limited 
magnitude but nonetheless significant with the percent-
age of protein on the first test-day, the percentage of 
butterfat on the first test-day, and somatic cell count 
on both test-days. The model predicted the probability 
of conception in the cross validation data set very well. 
Despite the common use of fat to protein ratio as a 
measure of energy balance, this parameter exhibited 
wide variation with stage of lactation and time of the 
year and had a much-reduced ability to predict an early 
conception compared with other combinations of milk 
quantity and constituents. 
 Key words:   calving to conception interval ,  milk re-
cording ,  milk constituents ,  fat to protein ratio 
 INTRODUCTION 
 The transition between the dry period and the onset 
of lactation results in a sudden and massive increase in 
the energy demand for dairy cows (Bauman and Currie, 
1980). At this stage, the appetite of the cow is limited, 
the amount of energy exported in milk cannot be cov-
ered by DMI, and most cows will experience a period 
of negative energy balance (NEB). In an experimental 
herd in the Netherlands, de Vries and Veerkamp (2000) 
found an average period of NEB of 41.5 d. This NEB has 
been linked to poor reproduction (Buckley et al., 2003; 
Patton et al., 2007). Energy expended and severity of 
NEB increase with milk yield. There is also a negative 
correlation between milk yield and the resumption of 
luteal activity (Veerkamp et al., 2000), estrous expres-
sion (Cutullic et al., 2009), and days open (Abdallah 
and McDaniel, 2000; Haile-Mariam et al., 2003). 
 Several studies have measured the association be-
tween energy balance and milk composition. Four of 
these studies were carried out on 2 experimental farms 
at Lelystad, the Netherlands (Grieve et al., 1986; de 
Vries and Veerkamp, 2000; Heuer et al., 2001) and one 
on 93 dairy farms in Canada (Duffield et al., 1997). It 
was found consistently that in cases of NEB there is an 
increase in the milk percentage of butterfat, a decrease 
in the percentage of milk protein, and an increase in 
the fat to protein ratio. Short-chain and medium-chain 
fatty acids are synthesized de novo by the mammary 
gland, and long-chain fatty acids are taken up from 
the bloodstream (Bauman et al., 2006). Cows in NEB 
mobilize fat reserves and the milk percentage of C16:0 
and C18:0 fatty acids increases (Stoop et al., 2009). de 
Vries and Veerkamp (2000) reported that the differ-
ence in milk fat percentage between the first 2 mo of 
lactation was the best indicator of energy balance. In 
their study, the percentage of protein changed by only 
a small amount with varying energy balance so that 
neither the percentage of protein nor the fat to protein 
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ratio were useful in the prediction of the energy status. 
Grieve et al. (1986) found that the fat to protein ratio 
was the best indicator in predicting the energy status. 
Heuer et al. (1999) identified cows with a fat to protein 
ratio >1.5 to be at greater risk of ketosis, whereas Duf-
field et al. (1997) found none of these indicators to be 
useful in screening for ketosis although an association 
was present.
Few studies have looked at the association between 
milk composition at the start of lactation and the prob-
ability of conception. Kristula et al. (1995) identified 
a negative association between the first insemination 
pregnancy rates and both the percentage and weight 
of butterfat on first-lactation milk recording in 1,640 
cows from 22 US dairy herds. Using data from 51 
high-yielding cows in Slovenia, Podpecan et al. (2008) 
reported that a threshold of 1.44 for the fat to protein 
ratio was able to identify 91.7% of cows with a calving 
to conception interval >140 d.
Milk quantity and composition vary with lactation 
stage and, to a lesser extent, with parity, time of year, 
and other factors. Lactation curves have been exten-
sively studied for milk yield, percentage of butterfat, 
and percentage of protein (Silvestre et al., 2009), but 
variations in fat to protein ratio according to stage of 
lactation have not been described. Milk quantity and 
composition vary with the month of the year but it is 
not known whether the observed variation is due to dif-
ferent energy status or whether it is the result of specific 
seasonal factors that should be accounted for. In their 
models, Heuer et al. (2001) included DIM and parity 
as confounders for energy balance when screening for 
the variables to include in their final model. However, 
they assumed that the variables included were varying 
together with stage of lactation and parity.
Therefore, milk quantity and composition at the 
start of lactation appear to reflect individual cow en-
ergy balance although their usefulness in the prediction 
of the calving to conception interval is uncertain. The 
purpose of this research was to evaluate the predictive 
ability of milk yield and constituents for reproductive 
performance in UK dairy cows using a large data set.
MATERIALS AND METHODS
Data
Herds were selected from all data collected by the 
National Milk Records (NMR, Chippenham, UK) be-
tween January 1, 2004, and December 31, 2006. Milk 
samples collected on 2 consecutive milkings in herds 
recording on a monthly basis for the 3 complete years 
were selected. Holstein-Friesian, Channel Island breeds 
(Jersey and Guernsey), and Ayrshire represented 94.0, 
3.3, and 1.1% of all recordings, respectively. To reflect 
the prevailing UK context, herds milking less than 80% 
of Holstein-Friesian cows were discarded. The data set 
contained 8,211,988 recordings in 992,625 lactations 
from 483,747 cows in 2,128 herds (Madouasse, 2009). 
In this data set, between 5 and 305 DIM, the average 
cumulative milk production was 8,200 kg. It was 5,900 
kg and 10,100 kg in the 10% lowest and 10% highest 
producing herds respectively. The mean (10th to 90th 
percentile) for the percentage of butterfat, the percent-
age of protein, and the percentage of lactose were 3.9 
(3.1 to 4.8), 3.2 (2.9 to 3.7), and 4.5 (4.2 to 4.8), re-
spectively.
Lactations for which calving occurred in 2004 and 
2005 and that had at least 2 milk recordings between 
5 and 65 DIM were selected. A random sample of 
500 of these 2,128 herds was used to estimate model 
parameters. This data set contained 40,514 lactations 
from 39,585 cows. The remaining 1,628 herds were used 
for model checking by cross-validation and contained 
329,193 lactations from 241,602 cows. The mean (SD) 
milk production was 31.8 (8.3) kg for the first test-day 
and 33.9 (8.6) kg for the second test-day in the 500 
herds used for parameter estimation. The mean (SD) 
milk production was 31.9 (8.3) kg for the first test-day 
and 34.0 (8.6) kg for the second test-day in the 1,628 
herds used for cross-validation.
Calving to Conception Interval
For each lactation, the date of calving was available. 
When 2 consecutive calving dates were available for the 
same cow, the interval between calvings was calculated. 
The date of conception was estimated by subtracting 
280 d from the date of calving (Norman et al., 2009). 
The calving to conception interval was the difference 
between the date of conception and the date of the 
previous calving. These intervals were categorized as 
follows. Conceptions occurring before 20 DIM were 
deemed unusual and not included in the analysis. Be-
cause the effect of NEB on conception was expected 
to be more important at the start of lactation, con-
ceptions occurring after 144 DIM were censored. The 
first interval was 20 to 60 d after calving. Each of the 
subsequent intervals had a length of 21 d. Five intervals 
were considered for the analysis: 20 to 60 d, 61 to 81 d, 
82 to 102 d, 103 to 123 d, and 124 to 144 d.
Statistical Analysis
The association between milk quantity and composi-
tion at the first 2 recordings after calving and the prob-
abilities of conception in each interval were modeled us-
ing discrete-time survival models (Yang and Goldstein, 
2003). The probability of a conception at each interval, 
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from interval 1 (20 to 60 DIM) to interval 5 (124 to 144 
DIM) were modeled and cows were censored at the time 
of conception. The model specification was
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where Ytjk = 1 when a conception occurred in interval t 
for cow lactation j in herd k and 0 otherwise; ptjk is the 
associated probability of conception in interval t; Itjk is 
an indicator variable taking the value 1 in interval t, 0 
otherwise; γt is the log-odds of a conception in interval 
t; δtk is the herd effect for the log-odds of a conception 
in interval t; Xjk is the matrix of predictors, with β 
the vector of associated coefficients and Σδ the covari-
ance matrix for the herd × interval random effects. 
Because cows were censored in the intervals following 
conception, in cows that did not recalve by 144 DIM, 
the outcome was coded as 0 for the 5 intervals. Cows 
were censored from 280 d before their last recording in 
the data set because this made their pregnancy status 
unknown. Models were estimated in MLwiN software 
(version 2.11, Centre for Multilevel Modeling, Univer-
sity of Bristol, Bristol, United Kingdom) using iterative 
generalized least squares (Rasbash et al., 2009).
Covariates
Variables related to milk quantity and composition in 
the first 2 recordings of lactations, for lactations with 
at least 2 recordings between 5 and 65 DIM, were con-
sidered as covariates. The covariates considered were 
milk yield, percentage and weight of butterfat, percent-
age and weight of protein, percentage and weight of 
lactose, and the natural logarithm of SCC on both the 
first and second test-days of lactation. Because these 
variables varied with lactation stage, parity, and time 
of the year, variables were standardized for stage of 
lactation alone or stage of lactation and day of the year 
together. Interactions between the covariates and the 
natural logarithm of the interval number were tested to 
allow variations with time. Variables were kept in the 
model if the associated coefficient was at least twice its 
standard error and if its inclusion resulted in a decrease 
in the deviance.
Standardization for Stage of Lactation  
and Time of the Year
All the recordings occurring between 5 and 70 DIM 
were extracted from the original data set. There were 
1,582,488 recordings from 798,763 lactations from 
441,320 cows in 2,128 herds available. For each vari-
able, the mean and standard deviation per DIM (5 to 
70) and per week of the year (1 to 52) were calculated. 
These values were then smoothed using linear models 
and the effects of stage of lactation were accounted for 
using polynomial functions.
The model specifications for the stage of lactation 
mean and standard deviation were
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where Yi was either the mean or the standard deviation 
of the variable modeled for DIM i, α the model inter-
cept, Dim the DIM, M the highest power retained in 
the model, and βp the coefficient associated with Dim
p. 
Powers 1 to 6 were tested for each variable and retained 
when P < 0.05.
The effects of the time of the year were modeled us-
ing sine and cosine functions. Each week was converted 
to its midpoint in days using the formula
Day = Week × 7 – 3.5.
The model specifications for the stage of lactation and 
time of the year standardization were
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where Yij was the mean or standard deviation of the 
variable considered on DIM i and for day of the year j. 
The transformation applied to the days of the year pro-
duced a yearly periodicity. Interactions between DIM 
and the sine and cosine terms were tested. Variables 
were retained when P < 0.05 and when the residuals 
displayed graphically showed no systematic patterns. 
The predictions were also plotted to detect any cases of 
overfitting. These models were then used to standardize 
the observed values for stage of lactation or stage of 
lactation and time of the year as follows:
 Standardized
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ij
ij ij
ij
X
=
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σ
 
where Observedij was the observed value, Xij  the esti-
mated mean, and σij  the estimated standard deviation 
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for DIM i (1 to 60) at day of the year j (1 to 365). Thus, 
the corrected values were centered around 0 and scaled 
to have a standard deviation of 1.
Model Checking and Validation
To check final models, posterior predictions were 
used (Gelman and Hill, 2007). The predictions were 
performed using fixed as well as random effects esti-
mated from the model.
Models were also checked using a cross-validation 
procedure. For the 500-herd data set used for parameter 
estimation, both herd random effects and fixed effects 
were used to generate predicted probabilities of concep-
tion. For the data from the 1,628 herds not used for 
parameter estimation, only the fixed effects were used. 
For each cow not pregnant at the start of an interval, 
the probability that she would conceive during this in-
terval was calculated. The predicted probability P that 
a cow would have conceived by the end of interval 5 was 
calculated as
 P p p pj
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where p1 was the probability of conception during the 
first interval, pi and pj were the probabilities that a 
cow conceived during interval i and j. The percentiles 
1 to 99 were calculated for the predicted probabilities 
of conception at each interval as well as at the end of 
interval 5 (P). These percentiles were used to create 
100 categories of increasing predicted probability of 
conception per interval and by the end of interval 5. 
The observed proportions of cows that had conceived 
at each interval as well as by the end of interval 5 were 
calculated for each category. For any of the 5 intervals, 
cows that had already conceived at the beginning of 
the interval considered were not included in the calcu-
lation of this observed proportion because they were 
not at risk. Predicted proportions were plotted against 
the mean observed proportions of conception in each 
category.
Validation in Individual Herds
To test the usefulness of the model to predict con-
ception in individual herds, predicted probabilities of 
conception before 145 DIM were generated for calvings 
that occurred in the validation data set. The global 
median predicted probability of conception was used to 
categorize each cow as having either a low (below the 
median) or a high (above the median) probability of 
conception before 145 DIM. In each herd, the percent-
ages of cows in the low and high probability groups 
were determined. The observed proportion of cows that 
conceived before 145 DIM was calculated for the groups 
of cows in each herd predicted as having a high or low 
probability of conceiving. This was used to evaluate 
the number of herds in which the prediction was cor-
rect; that is, in which the group predicted as “low” 
were actually observed as having a lower probability of 
conception than the group predicted as “high.”
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Figure 1. Cumulative probability of conception between calving 
and 200 DIM for 2,128 herds between 2004 and 2005. The values on 
the x-axis are the days at which interval starts; the values on the y-
axis are the corresponding percentage of cows that have conceived up 
to this stage. Grayed areas were not modeled.
Figure 2. Violin plot (Hintze and Nelson, 1998) of the distribution 
of herd percentages of conception in cows not pregnant at the start 
of an interval. The width of each violin represents the density of the 
percentages of conception on the x-axis.
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Figure 3. Variations in mean and standard deviation for milk yield in parities 1 (top) and >1 (middle) and for lactose (bottom) with stage 
of lactation between 5 and 60 DIM and month of the year.
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Figure 4. Variations in mean and standard deviation for butterfat (top), protein (middle), and fat to protein ratio (bottom) with stage of 
lactation between 5 and 60 DIM and month of the year.
RESULTS
Calving to Conception Interval
Overall, 73% of the cows recalved in the full data set. 
The cumulative Kaplan-Meier survivor curve for the 
calving to conception interval for the lactations in which 
calving occurred in 2004 and 2005 is presented in Figure 
1. The accumulated percentage of cows that conceived 
up to d 145 considered in the study was 46%. Figure 1 
also includes the accumulated percentage of cows that 
conceived for the different intervals considered in the 
analysis. The percentage of cows that had conceived by 
d 20, 61, 82, 103, 124 (which were the start of intervals 
1 to 5, respectively), and the end of interval 5 were 0.5, 
7.3, 17.9, 29.3, 38.7, and 46, respectively.
The distribution of the percentage of cows that con-
ceived during each interval (of those eligible) in the 
500 herds used for parameter estimation is presented in 
Figure 2. For cows eligible to become pregnant in each 
interval, the herd median (interquartile range) percent-
ages of conception were 6.4 (2.6 to 10.9), 12.9 (8.4 to 
17.5), 16.7 (11.8 to 21.5), 15.9 (12.2 to 21.4), and 15.3 
(10.3 to 20.0) for intervals 1 to 5, respectively.
Corrections for Stage of Lactation and Time of Year
Descriptions of changes in milk production with stage 
of lactation between 5 and 60 DIM and time of year are 
presented in Figures 3, 4, and 5. In each figure, the ver-
tical axis represents either the mean (left-hand side) or 
standard deviation (right-hand side) for the variable of 
interest, and the 2 horizontal axes represent DIM and 
month of the year. Different curves were used for parity 
1 and greater parities for milk yield and SCC. A greater 
mean was associated with a higher standard deviation, 
except for lactose content. Variations in the mean with 
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Figure 5. Variations in mean and standard deviation for SCC in parity 1 (top) and >1 (bottom) with stage of lactation between 5 and 60 
DIM and month of the year.
time of year were important for fat to protein ratio and 
percentage of butterfat.
Models
A model with variables corrected for stage of lacta-
tion or both stage of lactation and time of year was 
constructed. The results of this model are presented in 
Tables 1 and 2. The baseline probabilities of concep-
tion were accounted for by using a different coefficient 
for each of the 5 intervals. Because all the variables 
included were centered, the exponentials of the coef-
ficients for these 5 intervals represent the odds ratio of 
a conception during the interval considered. The odds 
ratio of conception increased from interval 1 to interval 
3 and decreased thereafter. The between-herd variance 
for the probability of conception decreased from inter-
val 1 to interval 4 and was similar for intervals 4 and 5. 
Interactions with ln(interval) indicated a reduction of 
some effects with time. The probabilities of conception 
predicted by the fixed effects of the model for each 
variable were plotted in Figure 6. The largest effects 
were observed for weight of milk on the second test-
day, percentage of protein on the second test-day, and 
percentage of lactose on the first test-day. For these 
variables, the differences in the probability of concep-
tion were between 3 and 5% for a difference in the co-
variates of between −2 and 2 standard deviations from 
the mean at each interval. Variables corrected for time 
of year were kept when the deviance of the model in 
which they were included was lower than the deviance 
of the same model with a correction for stage of lacta-
tion alone. This was the case for percentage of butterfat 
and percentage of lactose for which the association with 
the calving to conception intervals was small.
Model Checking and Validation
The model predicted the data reasonably well. Figure 
7 shows the plots of predicted versus observed prob-
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Table 1. Results of the model for the influence of milk yield and composition on the probability of conception 
between 20 and 145 DIM: Variables retained in the model and associated odds ratios and confidence intervals 
Variable Test-day Correction1
Odds  
ratio CI
Interval 12   0.080 0.074 to 0.086
Interval 22   0.153 0.145 to 0.162
Interval 32   0.211 0.201 to 0.221
Interval 42   0.207 0.198 to 0.216
Interval 52   0.195 0.186 to 0.204
Weight of milk 2 DIM 0.928 0.910 to 0.946
Weight of milk-squared 2 DIM 0.977 0.966 to 0.989
Fat 1 DIM + SEAS 0.977 0.960 to 0.995
Protein 1 DIM 1.042 1.022 to 1.062
Protein-squared 1 DIM 0.986 0.976 to 0.996
Protein 2 DIM 1.164 1.124 to 1.206
Protein-squared 2 DIM 0.990 0.980 to 1.000
Protein × ln(Interval)3 2 DIM 0.941 0.932 to 0.950
Lactose 1 DIM + SEAS 1.096 1.058 to 1.136
Lactose-squared 1 DIM + SEAS 1.004 1.000 to 1.008
Lactose × ln(Interval)3 1 DIM + SEAS 0.953 0.924 to 0.983
ln(SCC) 1 DIM 0.975 0.956 to 0.995
ln(SCC) 2 DIM 0.961 0.942 to 0.980
1SEAS = day of the year.
2Categorical (1/0).
3Intervals treated as continuous.
Table 2. Results of the model for the influence of milk yield and composition on the probability of 
conception between 20 and 145 DIM: Variance-covariance matrix of random effects for intervals 1 to 5 (SE in 
parentheses) 
Interval
Interval
1 2 3 4 5
1 0.500 (0.045)     
2 0.184 (0.023) 0.198 (0.020)    
3 0.043 (0.019) 0.113 (0.014) 0.132 (0.015)   
4 0.027 (0.017) 0.079 (0.012) 0.098 (0.011) 0.081 (0.013)  
5 −0.048 (0.019) 0.053 (0.013) 0.095 (0.012) 0.087 (0.011) 0.088 (0.016)
abilities of conception using both random and fixed ef-
fects to predict the data used for parameter estimation. 
Figure 8 shows the plot of observed versus predicted 
probabilities using only the fixed effects in the model 
on the validation data set. The relation between the 
predicted and observed proportions was approximately 
linear. Linear regression was carried out on the indi-
vidual cow and herd proportions presented in Figures 
7 and 8 using the R lm function (R Development Core 
Team, 2009). The regressions specifications were ob-
served = α + β × predicted, where α was the observed 
probability of conception for a predicted probability of 
0 and β the observed increase in probability of concep-
tion per unit of increase in the predicted probability. 
Estimates of α, β, and the adjusted R2 for these regres-
sions are presented in Table 3. A β of 1 indicated that 
for each increase of 1 unit in the predicted proportion, 
there was an increase of 1 unit in the observed propor-
tion. Values greater or less than 1 indicated that the 
observed proportions were increasing by more and less 
than 1 for each increase of 1 in the prediction, respec-
tively. The R2 values measured the dispersion in the 
observed values around the fitted lines. Values closer 
to 1 were indicative of observed values closer to the 
fitted lines. The model predicted groups of individual 
cows correctly: the β values of the linear regression 
were between 0.7 and 1.2, and the adjusted R2 was 
>0.8 for the first 3 intervals. The effects predicted by 
the model were greater than the observed effects for 
intervals 4 and 5 with β values of 0.660 and 0.773 and 
R2 of 0.808 and 0.713 for the full prediction, and β 
values of 0.582 and 0.354 and R2 of 0.758 and 0.575 
for the prediction on the validation data set. Because 
the model overpredicted the probability of conception 
during the last intervals, the predicted probabilities of 
individual cow conception by the end of interval 5 were 
15.6 and 18.2% greater than observed. However, the β 
values were 1.02 for both predictions, meaning that the 
ranking of individual cows was accurate overall. For the 
validation data, the percentiles 5, 10, 25, 50, 75, 90, and 
95 for the predicted probability of conception by the 
end of interval 5 were 0.44, 0.46, 0.50, 0.53, 0.57, 0.59, 
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Figure 6. Probability of conception predicted by the fixed part of the model for each of the variables retained for each interval.
and 0.61, respectively. The proportion of cows that had 
conceived by the end of interval 5 for cows predicted 
between the percentiles 0 to 5, 5 to 10, 10 to 25, 25 to 
50, 50 to 75, 75 to 90, 90 to 95, and 95 to 100 were 0.24, 
0.28, 0.30, 0.34, 0.38, 0.41, 0.43, and 0.45, respectively.
Validation in Individual Herds
Of the 1,627 herds in the data set, 1,626 had cows in 
both the high and low probability of conception groups 
(below or above the median predicted value) and 1 herd 
had no cows in the high probability group. The observed 
probability of conception before 145 DIM was higher in 
the predicted high probability of conception group in 
1,277 of the 1,626 herds (78.5%). The difference in the 
percentages of cows conceiving before 145 DIM between 
the 2 groups was normally distributed. The mean per-
centage of cows conceiving before 145 DIM was 8.7% 
higher (95% CI: 8.1 to 9.3) in the high than in the low 
predicted probability of conception group.
DISCUSSION
This study identified an association between milk 
quantity and composition in the first 2 mo of lactation 
and the probability of conception before 145 DIM. This 
probability increased with lower milk production on the 
second test-day, higher percentage of protein on the 
second test-day, and higher percentage of lactose on the 
first test-day. Associations were of a smaller magnitude, 
positive for the percentage of protein on the first test-
day, and negative for the percentage of butterfat on 
the first test-day and SCC on both test-days. Charac-
teristics of milk production on the second test-day of 
lactation were of more importance, possibly because 
they were more closely related to the energy balance at 
peak yield. Overall, there was good agreement between 
observed and predicted probabilities of conception at 
the cow-lactation level. At the herd level, cows with 
a high predicted probability of conception were more 
likely to conceive before 145 DIM than those with a 
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Figure 7. Observed versus predicted probability of conception at the individual cow lactation level. Predictions were generated from both 
fixed and random effects on the data set used for parameter estimation. Each dot is a percentile (1 to 100) of predicted values. Regression lines 
of observed versus predicted values are plotted. The coefficients of this regression are presented in Table 3.
low predicted probability in almost 80% of herds. Thus, 
it would be possible to implement the results of the 
present model into herd management software to iden-
tify cows likely to experience difficulties in conceiving, 
which would appear to be valid for the majority of UK 
dairy herds and probably those in other countries.
Many studies have reported an association between 
milk yield and constituents and energy balance (Grieve 
et al., 1986; Duffield et al., 1997; de Vries and Veerkamp, 
2000; Heuer et al., 2001). These studies were carried 
out in a relatively small number of herds over a limited 
period. They have consistently shown that milk compo-
sition reflects energy status and this has served as the 
basis to recommend the on-farm monitoring of indica-
tors such as fat to protein ratio. Although the present 
research identified associations in the same direction as 
previous ones, the ranking of the different variables was 
not the same. Importantly, our results suggest that, at 
least in the United Kingdom, the fat to protein ratio 
may not be useful to predict reproduction performance 
and that other milk constituents are better at predict-
ing an early conception. Such large data sets should be 
examined in other countries.
The link between higher milk production and poorer 
reproduction is well established (Lucy, 2001). After 
milk yield, percentage of protein followed by percentage 
of lactose was the most important variable associated 
with the probability of conception in all the models 
tested. Both milk protein and lactose are synthesized 
in the mammary gland (Linzell and Peaker, 1971) and 
these processes require energy. Attempts to predict 
milk protein content from amino acid availability have 
been of limited success, and a link between energetic 
metabolism and milk protein has been suggested (Hani-
gan et al., 2002).
The outcome of most previous studies was an esti-
mated energy balance, whereas in the present study, 
calving to conception interval estimated from recalving 
dates was used. Kristula et al. (1995) found a predomi-
nant effect of the percentage and weight of butterfat, 
but they used data from the first milk recording and 
looked at the pregnancy rate on the first insemina-
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Figure 8. Observed versus predicted probability of conception at the individual cow lactation level. Predictions were generated from fixed 
effects on the validation data set. Each dot is a percentile (1 to 100) of predicted values. Regression lines of observed versus predicted values are 
plotted. The coefficients of this regression are presented in Table 3.
tion; in the present study, the first 2 test-days and 
conceptions before 145 DIM were used. An association 
between milk butterfat and probability of conception 
was present but of a smaller magnitude than the as-
sociations with percentages of lactose and protein. The 
effect of energy balance on the percentage of butterfat 
seemed to be more important at the start of lactation 
in the study by de Vries and Veerkamp (2000), which is 
in agreement with our results. At the start of lactation, 
the cow has to adapt her metabolism to the surge in 
energy demand, leading to the mobilization of body fat. 
This mobilization has many implications, some of which 
have been linked to poorer reproduction and health dis-
orders (Heuer et al., 1999; Duffield et al., 2009).
The immunity of the dairy cow is impaired during the 
periparturient period (Detilleux et al., 1995) and this is 
aggravated by NEB. Thus, cows in NEB are more likely 
to experience endometritis (Reist et al., 2003a), which 
could account in part for the observed longer calving 
to conception intervals. Comparing 2 groups of 5 cows, 
Wathes et al. (2009) found that cows in severe NEB 
were still undergoing an active uterine inflammatory 
response 2 wk after calving, whereas cows in moder-
ate NEB had more fully recovered. These authors also 
observed a different pattern of expression for genes 
related to immunity in both the uterus (Wathes et al., 
2009) and the spleen (Morris et al., 2009). In our study, 
increasing SCC in test-days ≤65 DIM was associated 
with lower probabilities of conception and this is in 
agreement with earlier observations (Schrick et al., 
2001; Santos et al., 2004). The reaction of individual 
cows to mastitis depends on characteristics of the cow 
as well as characteristics of the pathogen (Burvenich et 
al., 2003). Ketotic cows experimentally infected with 
Escherichia coli showed more severe symptoms than 
control (nonketotic) cows (Kremer et al., 1993). There-
fore, NEB could be a risk factor of both endometritis 
and mastitis through a weakening of the immune sys-
tem. For reproduction, however, other mechanisms ap-
pear to be involved such as hormonal imbalance (Reist 
et al., 2003b; Garnsworthy et al., 2008) or toxicity of 
NEFA for the embryo (Jorritsma et al., 2004).
One of the important differences between this study 
and some of the earlier studies was the correction of 
each variable for DIM compared with having a single 
coefficient for DIM in the model. This was essential 
because the percentage of protein decreases more rap-
idly than the percentage of butterfat at the start of 
lactation. As a result, there is an initial increase fol-
lowed by a decrease in the mean fat to protein ratio 
with important variation around this mean, and to our 
knowledge, variation in this parameter with stage of 
lactation has never before been described. A further 
correction was applied for the time of year because milk 
production exhibits variation with the time of the year. 
Feeding regimen is known to have an effect on milk 
butterfat (Bauman and Griinari, 2003). In England and 
Wales, most dairy cows are housed during winter and 
are fed at pasture when the weather permits, which 
might account for the observed patterns. The reasons 
for the variation in milk lactose content with time of 
year are less clear.
CONCLUSIONS
Milk yield, percentage of protein on the second 
test-day, and percentages of lactose and f protein on 
the first test-day were found to be useful predictors 
of probability of conception by 145 DIM. Despite the 
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Table 3. Association between predicted and observed probability of conception at interval 1 (20 to 60 DIM), 
2 (61 to 81 DIM), 3 (82 to 102 DIM), 4 (103 to 123 DIM), 5 (124 to 144 DIM) and at the end of interval 5 (by 
145 DIM) at the individual cow-lactation level for the years 2004 and 20051  
Interval α β Adjusted R2
Individual cow level: full prediction2
 1 −0.005 0.716 0.889
 2 −0.034 0.949 0.918
 3 −0.037 0.897 0.906
 4 −0.021 0.773 0.808
 5 −0.009 0.660 0.713
 End of 5 −0.156 1.017 0.960
Individual cow level: prediction from fixed  
effects on validation data2
 1 −0.029 1.157 0.952
 2 −0.044 1.044 0.938
 3 −0.037 0.851 0.927
 4 −0.004 0.582 0.758
 5 0.021 0.354 0.575
 End of 5 −0.182 1.020 0.974
1Associations were measured using linear models whose specifications were observed = α + β × predicted.
2Data grouped according to percentile of prediction (percentiles 1 to 99 used to define 100 groups).
common use of fat to protein ratio as a measure of 
energy balance, this parameter exhibited wide variation 
with stage of lactation and time of year and showed a 
lesser ability to predict early conception compared with 
other combinations of milk quantity and constituents 
and thus should be used with caution.
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